ABBREVIATIONS HIC = high-income country; IQR = interquartile range; LIC = low-income country; MIC = middle-income country; TBI = traumatic brain injury; TSI = traumatic spinal injury; WB = World Bank; WFNS = World Federation of Neurosurgical Societies. OBJECTIVE The global magnitude of neurosurgical disease is unknown. The authors sought to estimate the surgical and consultative proportion of diseases commonly encountered by neurosurgeons, as well as surgeon case volume and perceived workload. METHODS An electronic survey was sent to 193 neurosurgeons previously identified via a global surgeon mapping initiative. The survey consisted of three sections aimed at quantifying surgical incidence of neurological disease, consultation incidence, and surgeon demographic data. Surgeons were asked to estimate the proportion of 11 neurological disorders that, in an ideal world, would indicate either neurosurgical operation or neurosurgical consultation. Respondent surgeons indicated their confidence level in each estimate. Demographic and surgical practice characteristics-including case volume and perceived workload-were also captured. RESULTS Eighty-five neurosurgeons from 57 countries, representing all WHO regions and World Bank income levels, completed the survey. Neurological conditions estimated to warrant neurosurgical consultation with the highest frequency were brain tumors (96%), spinal tumors (95%), hydrocephalus (94%), and neural tube defects (92%), whereas stroke (54%), central nervous system infection (58%), and epilepsy (40%) carried the lowest frequency. Similarly, surgery was deemed necessary for an average of 88% cases of hydrocephalus, 82% of spinal tumors and neural tube defects, and 78% of brain tumors. Degenerative spine disease (42%), stroke (31%), and epilepsy (24%) were found to warrant surgical intervention less frequently. Confidence levels were consistently high among respondents (lower quartile > 70/100 for 90% of questions), and estimates did not vary significantly across WHO regions or among income levels. Surgeons reported performing a mean of 245 cases annually (median 190). On a 100-point scale indicating a surgeon's perceived workload (0-not busy, 100-overworked), respondents selected a mean workload of 75 (median 79). CONCLUSIONS With a high level of confidence and strong concordance, neurosurgeons estimated that the vast majority of patients with central nervous system tumors, hydrocephalus, or neural tube defects mandate neurosurgical involvement. A significant proportion of other common neurological diseases, such as traumatic brain and spinal injury,
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n 2015, the Lancet Commission on Global Surgery outlined the current estimate of the global surgical burden and the status of access to surgical care worldwide. 8 While the worldwide public health and medical communities have made headway in addressing common infectious, maternal, and neonatal illnesses, surgical care has been largely overlooked. Yet, an estimated 28%-32% of the total global burden of disease requires the expertise of a surgeon. 15 Five billion people lack access to safe surgical care, and as a result more than 140 million surgical cases are being left untreated. 1 Within this total surgical burden resides the contribution of neurosurgical disease, whose figure remains ill-defined. The burden of neurosurgical diseases is likely great, and there is a tremendous need to train and redistribute neurosurgeons to meet this burden. 11 While understanding the incidence and volume of neurological diseases is important, it is insufficient to ascertain the neurosurgical workforce and infrastructure necessary. We must also understand the proportion of disease requiring surgical expertise. We sought to inform the estimation of neurosurgical case volume by quantifying the rate at which surgical intervention and surgical consultation are indicated for neurological diseases.
Methods

Survey Administration
We conducted a survey of neurosurgical providers using the Research Electronic Database Capture (REDCap) platform. 6 Survey structure and question format were in accordance with the methodology previously outlined by Shrime et al. 15 Surgeons had been identified via a global mapping project facilitated by the World Federation of Neurosurgical Societies (WFNS) and the Global Initiative Emergency and Essential Surgical Care (GIEESC) at the WHO. 13, 14 Briefly, officers of the 130 societies registered with the WFNS or the members of the GIEESC were initially contacted via email to invite participation. For some countries without WFNS/WHO neurosurgery representation, an Internet search including "neurosurg* + country name" was conducted to identify the contact information for a single practicing neurosurgeon willing and able to complete the questionnaire. Surgeons registered with the open access Global Neurosurgery forum (https:// globalneurosurgery.org/members) were also included. In countries wherein a neurosurgeon could not be identified by one of the means described above, the Ministry of Health, or an equivalent official body, was contacted and questioned regarding the presence and identity of any resident neurosurgeons. Excluding small island nations in the Caribbean Sea, nearly 20 countries without a single neurosurgeon were identified; therefore, their neurosurgical proportion was not directly represented by means of survey administration. Finally, 12 North American neurosurgeons known to participate in international outreach missions, and with whom we had a personal relationship, were solicited. This final means of surgeon inclusion did not follow a systematic process but was believed to fairly capture the perspective from the North American continent.
On November 7, 2016 , an electronic survey invitation was sent to 193 neurosurgeons in 89 countries. The survey consisted of three sections aimed at quantifying surgical incidence of neurological disease, consultation incidence, and surgeon demographic data (see Supplemental Materials for full survey instrument). For 11 common, broad neurological categories (for example, stroke, brain tumor, neural tube defect), respondents were asked what percentage of patients (0%-100%) with a given disease would, in an ideal world, require neurosurgical intervention. For the same neurological diseases, surgeons were asked what proportion of patients would require consultation by a neurosurgeon. For each estimate, a supplementary question asked survey respondents how confident they were in the answer provided (0-not at all confident, 100-extremely confident). A series of demographic questions explored the duration and setting of the practice, the patient population, and the most commonly treated diseases, among other items. Finally, neurosurgeons were asked to estimate their annual case volume, as well as their perceived workload on a scale from 0 (not at all busy) to 100 (extremely busy, overworked). The annual case volume corresponding to the mean surgeon workload was considered to represent the expected case volume of an average neurosurgeon. After the initial invitation and two reminder emails, the survey closed on November 23, 2016, at which time data were tabulated across responders.
Data Aggregation and Statistical Analysis
Discrete demographic data were aggregated and reported as absolute values and proportions. A weighted average was used to incorporate confidence levels of the expert estimates. Consider a fictitious example wherein two surgeons are estimating the proportion of a disease requiring surgical intervention, as well as their degree of confidence for that estimate. Surgeon 1 estimates that a certain percentage, p a , of the disease warrants surgery, and he describes his confidence in this estimate with percent certainty, w a . Meanwhile surgeon 2 estimates that p b of the disease warrants surgery, with w b confidence. The weighted average can be calculated as follows: p = (w a p a + w b p b )/(w a + w b ).
The median and interquartile range were described for both percentages of consultation and percentages of operation. The surgeon confidence for each disease was devascular anomalies, and degenerative spine disease, demand the attention of a neurosurgeon-whether via operative intervention or expert counsel. These estimates facilitate measurement of the expected annual volume of neurosurgical disease globally.
https://thejns.org/doi/abs/10.3171/2017.10.JNS17347 KEYWORDS burden; global; neurosurgery; surgeon; survey scribed in the same fashion. Analysis of variance was used to evaluate differences in responses between WHO regions, World Bank (WB) income groups, and patient payer status. Similarly, differences in case volume and perceived workload were compared across the same metrics using ANOVA. A p value < 0.05 was used a priori to indicate significant differences between respondent groups. To account for multiple comparisons across the 11 disease entities, the Bonferroni correction was applied. The R statistical package (version 3.3.2, The R Project for Statistical Computing) was used for weighting analysis, while Stata (version 14, StataCorp LLC) was used for ANOVA and graphing case volume data.
To illustrate the results of the survey, two heat matrices were generated using Tableau Public (version 10.2.0). For every disease category, aggregated data from each WHO region and WB income group were represented by a circle whose diameter and color varied depending on the percentage of cases and the mean confidence of respondents, respectively.
Results
Demographics
Among 193 neurosurgeons queried, 91 submitted partial responses and 85 completed the entire questionnaire (44% response rate). Survey responses were received from a total of 57 countries on 6 continents. Neurosurgeons reported being in surgical practice for a mean of 15 years (median 13 years). Twenty-five surgeons from high-income countries (HICs) responded, compared with 43 from middle-income countries (MICs) and 15 from low-income countries (LICs; Table 1 The majority (82%) of respondents were based out of a national or regional referral hospital. Most (74%) engaged primarily in clinical responsibilities with some administrative duties, while 23% had strictly clinical duties (Table  1) . Public patients represented the primary payer status for 62% of respondents, relative to private patients (16%); 21% of respondents treated an equal proportion of private and public patients. Fifty-three percent of surveyed neurosurgeons treated primarily adult patients, while 16% treated primarily children, and 31% treated both age groups about equally.
Consultation Incidence
Consultation by a trained neurosurgeon was reported to be indicated in almost all cases of brain and spinal tumors (96% and 95%, respectively; Table 2 ). Hydrocephalus (94%) and neural tube defects (92%) were among the next highest conditions to warrant neurosurgical evaluation, while stroke (54%) and epilepsy (40%) were the lowest. Conditions with a lower overall consultation rate (stroke, CNS infection, epilepsy) demonstrated a wider 
* Respondents were permitted to select up to three conditions. Though some surveys were incomplete, the response to this question was completed on 87 surveys.
interquartile range (IQR) for consultation: 30%-78% for stroke, 30%-80% for CNS infection, and 46%-90% for degenerative spine disease. On the other hand, the respondents' self-reported confidences of estimates were consistently high. Even for conditions with a wide consultation rate spread, the lowest confidence quartiles were 72 (epilepsy) and 74 (stroke) out of 100 (Fig. 1 ).
Surgical Incidence
Hydrocephalus was reported to warrant operative intervention (88% of patients with hydrocephalus) more than any other condition (Table 3) . Neural tube defects, brain tumors, and spinal tumors were all perceived to merit surgery in more than 75% of cases. Meanwhile, patients with stroke (31%) and epilepsy (24%) garnered a surgical indication at rates lower than those for other conditions. As with the consultation proportion, diseases with lower rates of surgery carried a wider range of answers and a wider range of confidence levels. Traumatic brain injury (TBI) and traumatic spinal injury (TSI) had a weighted surgical average of 47% (median 45%, IQR 30%-63%) and 52% (50%, 30%-70%), respectively. The interquartile confidence estimates for TBI and TSI, however, were both high at 78-93 and 72-91, respectively. There was no difference in surgical estimates or confidence estimates between respondents of differing WHO regions or primary patient payer statuses (Supplemental Table S1 ). There were also no differences in estimates between different income levels, with the exception of spinal tumors, wherein surgical estimates were higher for MIC (83%) than for LIC (65%; p = 0.0045; Fig. 2 ).
Case Volume and Workload
Surgeons worldwide reported performing a median of 190 cases (IQR 120-300) and a mean of 245 cases (range 15-1500). The average perceived workload was 75 (on a 100-point scale; range 24-100), and the median response was 79 (IQR 65-87). The regression line in Fig. 3 demon- strates the interaction between case volume and perceived surgeon workload. At the mean workload described by surgeons (75 on a 100-point scale), 223 cases are performed each year. The mean case volume for respondents did not differ by WHO region, WB income group, or payer status (Supplemental Table S2 ). Similarly, there were no differences in perceived workload across these three categories (Supplemental Table S3 ).
Surgeons were also asked about the most common conditions they manage and were permitted to select up to 3 conditions from a broad list of neurological diseases. Sixty-six percent selected brain tumors, 59% selected TBI, and 47% selected hydrocephalus (Table 1) . Degenerative spine disease (44%), congenital malformations (24%), and TSI (20%) were the next most frequently treated conditions. Movement disorders (2%), pain disorders (6%), and epilepsy (7%) were the least commonly selected conditions among respondents.
Discussion
We report the results of an international survey of neurosurgeons describing surgical and consultative practices related to common neurological conditions. Eighty-five surgeons from 57 countries performed an average of 245 cases annually and reported a mean perceived workload of 75 on a 100-point scale. At the average workload, neurosurgeons can be expected to perform 223 cases each year. Hydrocephalus, neural tube defects, and brain and spinal tumors were reported to warrant surgical intervention at a higher rate (78%-88%) than other neurological conditions. Meanwhile, stroke (31%) and epilepsy (24%) were reported to merit surgery less frequently. Despite nonsurgical management for a large proportion of some diseases, neurosurgical consultation was deemed appropriate for more than half of all cases of stroke, CNS infection, and degenerative spine disease. Overall, neurosurgeons reported surgical and consultation incidence figures with a high degree of confidence; no median confidence estimate fell below 80%. Similar to prior reports, the most common neurosurgical conditions treated by this multinational cohort were hydrocephalus, tumors, and TBI.
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The volume and burden of neurosurgical disease is unknown. Though studies of global estimates of the neurological disease burden have been conducted, 4,7,9 a study on the proportion requiring surgery has not. Without understanding the proportion of neurological diseases needing the attention of a neurosurgeon, quantifying the global demand for neurosurgery-and the workforce of neurosurgeons needed to meet this demand-is not possible. 16 The present study is important because it provides an essential component of the global neurosurgical burden calculation. The practical value of these figures will be realized when they are combined with known disease incidence, so that a neurosurgical case volume can be calculated. For this reason, broad disease categories (for example, TBI, CNS infection) were deliberately used to promote compatibility of our data with epidemiological statistics gathered by government agencies and development organizations.
Determining a reliable estimate of the proportion of a given disease requiring neurosurgery is challenging. Comparing operating room logs with hospital admission data on each disease necessarily omits the sample of patients not presenting to a health care facility with that disease. 2 Even with an accurate sample, the proportion of patients receiving surgical care would differ across multiple facilities-particularly between different countries, income levels, and WHO regions. Even country-wide data from billing registries fail to capture the ideal surgical rate and have limited generalizability outside the country of origin.
10,12 Thus, we have followed the precedent established by the Lancet Commission on Global Surgery, to seek expert opinion from a diverse group of providers to estimate surgical incidence figures for common neurosur- Respondents were asked to "indicate whether, to the best of your knowledge, the management of each condition would, in an ideal world, warrant operation by a neurosurgeon." Answers scaled from 0 (0% of patients require consultation) to 100 (100% of patients require consultation). * Proportions represent the mean values for each respondent after adjusting for the confidence level. † Confidence is measured on a continuous scale from 0 (not at all confident) to 100 (extremely confident).
gical conditions. 15 Though each estimate necessarily carries an error margin, as a group they represent evidence from the best, most feasible means of obtaining otherwise elusive and difficult-to-surmise surgical epidemiological figures.
Neurological disorders sampled in population-based studies are infrequently categorized into clean, discrete surgical or nonsurgical entities; without estimates like those captured in our survey, quantifying the operative burden is not possible. Hydrocephalus may seem like an obligatory neurosurgical entity, but consider the 1-day-old with intraventricular hemorrhage of prematurity and ventriculomegaly, in whom a bowel perforation is detected. If comfort care is elected, is a neurosurgical consultation necessary? Similarly, a subpopulation of patients with neural tube defect (mild dysraphism) or brain tumors (diffuse systemic metastases and poor performance status) exists that may never need neurosurgical operation or perhaps even referral-even in an ideal world. The ethical issues surrounding these scenarios are beyond the scope of this paper, but they serve to illustrate the point that not all patients with classic neurosurgical diseases mandate the attention of a neurosurgeon. Ignoring this point and constructing burden models without practical data risks setting up low-resourced health care systems for failure.
The findings of this study should be interpreted in light of several limitations. First, the method of respondent identification renders the results susceptible to selection bias. The survey data also carry the potential for responder bias and experiential bias-surgeons who treat a certain condition with frequency are likely to overestimate its incidence within a population. The overwhelming representation of neurosurgeons operating in national or regional referral hospitals may have also biased these results. Similarly, a neurosurgeon wishing to emphasizeconsciously or subconsciously-the importance of their trade may overstate the role that a surgeon plays in the care of neurological disease. This limitation could be addressed by surveying nonneurosurgeons as well (for example, neurologists, emergency physicians, etc.); similar estimates would help to validate the figures reported in Tables 2 and 3 . Second, the definition of what constitutes surgery may vary from one surgeon to the next, influencing results. This was addressed, in part, by averaging survey responses and weighting by degree of certainty. Third, while disease entities were intentionally kept broad to reflect designations by the Institute for Health Metrics and Evaluation (IHME), this rendered estimates vulnerable to differing interpretations of disease states by the responding surgeons. For example, when presented with the term "traumatic brain injury," a surgeon may be less inclined to incorporate an entity such as "concussion" into the disease denominator. In so doing, the estimate for the proportion requiring surgery would be inflated. In the case of TBI, the surgical estimate (47%) more likely reflects a TBI case admitted to the hospital or perhaps even TBI referred to a neurosurgeon. The use of broad disease terms (for example, hydrocephalus, TBI) represents an inherent weakness manifested during results interpretation. However, this deliberate strategy was intended to maximize the capture of neurosurgical disease. Moreover, our incorporation of confidence estimates provides a quality modifier not previously employed. Also, by estimating the proportion of disease requiring neurosurgical consultation, we have accounted for a significant population that may not need an operation but whose health and well-being are enhanced by the presence and expertise of a neurosurgeon. Finally, a relatively small proportion of the worldwide population of neurosurgeons was surveyed to obtain results for globally generalized proportions. While even more respondents would have been advantageous, our numbers compare very favorably with those of peer investigators in the global surgery community, 8, 15 and our results maintain their validity after testing for regional heterogeneity. Moreover, a 44% response rate for an email-based questionnaire exceeded our study design expectations.
There are several strengths to this methodology and the results. First, each WHO region and each WB income level are represented by respondents. On the surface, the 15 surgeons (18%) from LICs may suggest underrepresentation of an income group. However, the proportion of neurosurgeons polled from LICs was much greater than that from HICs, a reconcilable feature of this study when considering the greatest unmet burden of neurosurgical disease likely resides in LICs. Second, the vast majority of clinicians described themselves as clinically busy and conduct their practice in a referral hospital, suggesting that they encounter the diverse range of pathology about which they were queried. Rather than polling policy makers, hospital administrators, and nonclinical neurosurgeons, we have captured answers from surgeons on the ground and in the operating theaters treating patients. Next, we asked not what surgeons do, but rather what they believe should be done if traditional barriers to optimal care were lifted. The result is an estimation of the optimized health care environment we seek, void of the pitfalls and inefficiencies that may be present in one's own hospital, city, or country. Admission and surgical logs, country-wide hospital surveys, and even national billing data cannot capture this entity. Finally, we supplemented each discrete estimate with a surgeon confidence level, thereby adding an additional measure of data validation. 3 There was remarkable concordance between surgeons from every background with regard to each disease entity. Regardless of their practice setting and training background, neurosurgeons generally share similar sentiments regarding the degree to which neurological conditions demand neurosurgical expertise.
The strong concordance among neurosurgeons from varying geographic regions and income levels lends credence to our results. Furthermore, by obtaining proportion figures not only for operative intervention but also for neurosurgical consultation, our results capture a more complete appraisal of the essential role played by neurosurgeons in health care systems worldwide. The importance of these results resides in their implication for researchers, policy makers, and capacity strengthening personnel to extrapolate these figures into an overall neurosurgical disease burden estimate. To this end, this work represents an essential step in the epidemiological quest to accurately define the global neurosurgical volume. Until the scope of the problem is reliably quantified, public health measures to improve worldwide access to neurosurgical care cannot be efficiently and responsibly directed.
Conclusions
More than 80 surgeons from around the world estimated with confidence and strong concordance that surgical intervention is indicated in more than 78% of cases of CNS tumors, hydrocephalus, and neural tube defects. While frequently mandating expert neurosurgical consultation, cases of epilepsy, stroke, TBI, and degenerative spine disease require surgical intervention in far fewer instances. These estimates can be used by researchers and health care officials worldwide to quantify the burden of neurosurgical disease and the workforce required to address this need.
